With the growth of several areas in modem society, the necessity to generate and carry electrical energy to big cities has greatly increased. Cables supported by power towers with galvanized steel foundation usually carry energy. As the foundations are underground they may cause high rates of corrosion. These are usually detected by a conventional potential measurement using a Cu/CuS04 reference electrode. It is believed that corrosion results from stray currents that flow through the ground to close the loop between neighboring towers. Stray currents originate in the lightning rod cables of the power line towers, induced by the strong electromagnetic and electric fields of the energized power lines. The intensity and direction of those currents were measured, indicating substantial values of both their AC and DC components. The potential of the tower ground system, measured in the perpendicular direction of the main axis of the power line, was plotted as a function of the distance to the tower base. The results clearly indicated the tendency to corrosive attack in the anodic towers as reflected by the slope of the plot, whereas no signs of corrosion could be found in the reverse slope, confirming the visual inspection of the foundation. The profile of the potential plots could be changed providing the electric insulation of the lightning rod cable.
INTRODUCTION
Outstanding industrial development requires the transport of considerable amounts of energy through long distances, which enhances the importance of the power lines as an essential link between energy generators and final consumers. With the increase of the voltage in the lines in order to minimize resistive losses, wooden and concrete structures have become inadequate, and have been progressively replaced by galvanized metal ones. Galvanized structures are designed to last up to 12 years in aggressive environments or even 24 years in the country side^ . Their foundations are usually grid-like and built with the same ironware used to assemble the remaining components of the tower. The structure is then buried in the ground, and therefore, subjected to different corrosion processes, characteristic of different types of soil.
Tower foundations are susceptible to corrosion due to a myriad of contributing aspects, such as differential aeration, pH, soil moisture, and stray currents. The latter expedites corrosion in the foundations, particularly in high-voltage lines, such as the 525 kV lines. Burnett et al} ^ have theoretically demonstrated that, as a line is energized, a DC current associated with its electric field, along with an AC -60 Hz component, ix and ly, respectively, are induced in the top cables. The AC'60 Hz current, ly, consists of two components, i.e., a circulation component (Icirc. comp.) and a ground return component (Ig.r.c), which act together closing loops between adjacent towers, as is illustrated in figure 1 
^^\
The objective of the present investigation was to assess the effect of stray currents on the corrosion process of tower foundations. This study has been carried out in the power lines of Empresa Upon energizing the lines, electrical currents consisting of both an AC and a DC component are generated in the lightning rods. Monitoring those currents indicated that the direction of their DC component affected the magnitude of the corrosive process taking place at the foundations^ ^^^ ^ of anodic towers. As a remedial action, the lightningrods have been insulated from the power lines. This step also allowed a systematic study of the influence of DC-currents on the corrosion of high voltage towers.
EXPERIMENTAL PROCEDURE
The presence of stray currents in energized power was detected under normal operation conditions, i.e., with the power line equipped with 3/8 EHS galvanized lightning rods, and energized to 525 kV^ \ The shape of both the potential and current signals measured at the base of the towers, upon disconnecting and connecting the rods to the structure, are shown in figure 2 ^ .
The presence of AC and DC components originated from the electric and magnetic fields of The grid-like configuration characteristic of the tower foundations reported herein was considered as the ground vertical pole, acting not only as a structural component, but also driving lightning discharges to the ground and accounting for "flashover" currents originated along the lines and discharged by the lightning rods.
Considering that the foundation works as a pole, the resistance of the pole/ground system can be obtained either by the 3-point or by the Wenner method (four points). The result is expressed in terms of R (fí). A pole/ground R (O) plot is illustrated in figure 5 ^^ ^^^ ^\ R and d axes intersect at the pole/ground system (grid). From zero to d^. the plot is roughly linear. The distance di corresponds to the value, in meters, of approximately twice the height of the pole (foundation), which is the minimum distance necessary to stabilize the resistance of the pole/ground system. Full stabilization occurs between 2 to 5 meters away from the pole. As the distances measured, 1.5 and 3.0 m, correspond to less than twice the height of the pole, measurements were taken in the linear region of the pole/ground system (Fig. 4) .
RÎ M H R2 K-
NEGRISOLI AND C.V. FRANCO Table I summarizes the data obtained at the base of the 525 kV towers of ELETROSUL. The voltage is closely related to the flow of the stray current through the lightning rods of the line. Proof of that was obtained connecting the rods to the tower. They acted as current sources and intensified the corrosion process at the base of the towers. The values shown in table I were fitted to a straight line, as they fall in the linear region of the plot illustrated in figure 5 . It can be seen that 82.40 % of the tests carried out at the base of the towers resulted in AVi < AV2 . Plots having a positive slope (a=tan a) were associated with anodic towers. The corresponding foundations were visually inspected in an attempt to assess the situation of the corrosion process. As it can be seen from figure 6 (a) and (b), the foundations showed evidence of extensive corrosion. The influence of the stray current flowing in those foundations was verified measuring the voltage at the base of anodic towers in advanced stage of corrosive degradation (Fig.6) [^l.
RESULTS AND DISCUSSION
Conversely, plots with negative slope ('•a=tan a) suggested a cathodic process-taking place at the foundations. Such towers were also visually inspected, but no signs of corrosion could be detected. Figure 7 (a) and (b) show an example of a well-preserved structure corresponding to a cathodic tower. 
CONCLUSIONS
Significant induced currents consisting of AC and DC components flow through lightning rods of extra-high voltage cables -525 kV. As the loop between adjacent spans is closed, the currents flow between towers in an electrochemical process. The counter-part of such currents is the stray current, which speeds up the corrosive process of anodically polarized towers. The effect of the stray current can be significantly reduced insulating the lightningrod cables. Studies are still under way to verify the effect of the stray current on the resting electrode potential in an attempt to determine the conditions that lead to either anodic or cathodic processes at the tower foundation.
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